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Abstract

BACKGROUND: Nigella sativa L. (NS) is a plant containing bioactive constituents such as thymoquinone. Extracts of NS improve
performance and reduce enteropathogen colonization in poultry and small ruminants, but studies with swine are lacking. In
two different studies oral administration of NS extracts at doses equivalent to 0, 1.5 and 4.5 g kg−1 diet was assessed on piglet
performance and intestinal carriage of wildtype Escherichia coli and Campylobacter, and Salmonella Typhimurium.

RESULTS: Wildtype E. coli populations in the jejunal and rectal content collected 9 days after treatment began were decreased
(P ≤0.05). Populations recovered from pigs treated with extract at 1.5 and 4.5 g kg−1 diet were 0.72–1.31 log10 units lower than
the controls (ranging from 6.05 to 6.61 log10 CFU g−1). Wildtype Campylobacter and Salmonella Typhimurium were unaffected
by NS treatment. Feed efficiency over the 9 days improved linearly (P <0.05) from 3.88 with 0 NS-treated pigs to 1.47 and 1.41
with pigs treated with NS at 1.5 and 4.5 g kg–1 diet, respectively, possibly due to high glutamine/glutamic acid content of the NS
extract.

CONCLUSION: NS supplementation of weanling pigs improved feed efficiency and helped control intestinal E. coli during this
vulnerable production phase.
© 2017 Society of Chemical Industry

Keywords: alternative antibiotic; Escherichia coli; feed conversion ratio; feed supplement; swine; weanling pigs

INTRODUCTION
Livestock producers are under increasing pressure to reduce their
use of antibiotics to control disease and enhance production. This
pressure is due to the concern of public health officials and the
general public that such use may contribute to the emergence and
proliferation of microbial populations resistant to antibiotics used
to treat medically important diseases. It is not known, however,
what will happen to levels of important zoonotic pathogens on
the farm and in the processing plant should usage of currently
available antibiotics be discontinued. Consequently, producers as
well as consumers share a critical need for new, environmentally
compatible technologies to aid in growth promotion and help
eliminate pathogens from food animals during on-farm rearing.
In particular, a new and effective environmentally compatible
technology to underpin the problem of early weaning stress
in pigs would be advantageous. The innate mucosal immune
responses to enterotoxigenic Escherichia coli has been shown to
be impaired by early weaning stress in pigs, and this stress also
exacerbates intestinal injury and clinical disease.1

A particularly attractive plant source has been identified that
contains antimicrobial activity called Nigella sativa L. (NS).2 This
plant is native to Asia, parts of the Middle east and Southwest
Asia, and has been used for thousands of years to preserve spices

and food,2–4 and medicinally throughout the world.5 The seeds
have been used as traditional medicine for centuries for treat-
ment of different ailments, including diabetes, hypertension and
cardiac disease.6 NS is known to contain a variety of different
thymol-type derivatives such as thymoquinone (Fig. 1), dithymo-
quinone and thymodihydroquinone, as well as larger carbonyl
polymers such as nigellone.7,8 But thymoquinone is considered
one of the major bioactive components in NS,9 and comprises
approximately 360 g kg–1 of the NS essential oil.2 The plant’s seeds
(sometimes called black cumin seeds) also contain up to 300 g kg–1

fat with nearly 180 g kg–1 of the fat being the highly nutritious fatty
acid linoleic acid.7 The seeds also contain a variety of other biolog-
ically active compounds such as alkaloids, saponins and tannins.7

NS, whether fed to poultry or goats as whole seeds or extracts,
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Figure 1. Structure of thymoquinone.

has been shown to be biologically active, exhibiting antimicrobial,
anti-inflammatory, antioxidant, gastro-protective and anticancer
benefits, as well as improved egg production and shell quality,
along with other activities.7,8,10,11

The antimicrobial, anti-inflammatory and gastro-protective
activities of NS seeds or extracts have been demonstrated in
vitro12 and extensively in poultry with several log-fold reduc-
tions of ileal or excreta concentrations of E. coli in laying hens
and broilers,13,14 and in Baladi goat kids in Egypt also improving
immune function.15 These findings provide clear evidence that
the biological activity of NS can pass through the digestive tract
and be active in the lower gastrointestinal area. It has been shown
that thymoquinone completely inhibits E. coli ATP synthase.16 This
inhibition links the beneficial dietary based antimicrobial and the
anticancer effects to thymoquinone.16 Significant improvement in
animal performance measures have been observed, with 19–33%
improvement in feed conversion observed in laying hens,11,17 and
approximately 3–5% improvement in feed conversion observed
in broilers.18,19 Additionally, improved carcass characteristics and
decreased illness and death have been consistently observed for
poultry, rabbits and small ruminants.20

To date, little research, if any, has been conducted with NS
seeds or extracts in swine, probably because most of the work
has been limited to the geographical regions where little or no
swine production exists. The objectives of this work were to test
an NS extract for use as an alternative antibiotic feed supplement
for its effects on wildtype populations of E. coli and Campy-
lobacter and a challenge strain of Salmonella Typhimurium
and also evaluate its effect on growth performance in
weanling pigs.

MATERIALS AND METHODS
Animals
The care and handling procedures used for animals during this
research were conducted according to procedures approved by
the USDA/ARS Southern Plains Area Institutional Animal Care and
Use Committee protocol #2016016.

A total of 72 3-week-old weaned Yorkshire × American Landrace
crossbreed piglets were obtained and acclimated from 2 to 5 days
at the USDA Food and Feed Safety Research Unit, College Station,
TX, USA. The weanling piglets were then randomly placed in
rearing pens (two pigs per pen to allow for social contact). Based on
a report describing a diet that contained 170 g kg−1 crude protein
provided better growth performance and decreased the incidence
of diarrhea for 21- to 35-day-old weaned piglets compared to
higher protein levels,21 all animals in our study were fed a diet
consisting of 170 g kg−1 protein, 20 g kg−1 fat, 20 g kg−1 fiber
and 12 g kg−1 lysine. Fiber content is appropriate when kept
between 15 and 30 g kg–1.22,23Animals had unrestricted access to
drinking water via nipple drinkers, while the feed was provided
twice daily (07:00 and 14:00 h) ad libitum over the course of the

Table 1. Amino acid analysis data for the Nigella sativa seed meal
extract

Amino acid

Molar composition
of total

proteina (%)

Weight
composition of

total proteina (g kg−1)

Alanine 5.7 4.92
Arginine 6.3 11.7
Asparagine/aspartic acid 9.3 12.76
Glutamine/glutamic acid 32.7 50.24
Glycine 11.8 7.97
Histidine 1.5 2.39
Isoleucine 2.7 3.59
Leucine 4.0 5.45
Lysine 2.8 4.25
Methionine 1.6 2.39
Phenylalanine 1.8 3.19
Proline 5.0 5.72
Serine 5.3 5.58
Threonine 3.9 4.65
Tyrosine 1.6 3.06
Valine 4.1 4.92
Total 132.78

a Total protein in the Nigella sativa extract= 132.9 g kg−1.

experiments. The animals were divided randomly into two study
groups, n= 36 per study group. Each study group contained a
control 0× (n= 12), a 1× (n= 12) and a 3× (n= 12) treatment. The
0× group received no added NS extract, the 1× group received
NS extract at 1.5 g kg−1 diet matter and the 3× group received
NS extract at 4.5 g kg−1 diet matter. Each study group consisted
of six replicated pens with two piglets in each pen (for a total
of 36 piglets and 18 pens). The NS extract was given by oral
gavage in Study 1, and it was incorporated in the feed for Study
2. The feed intake per pen was recorded daily in Study 2, while
the body weights were recorded at the beginning and end of
the study to evaluate animal growth and the feed conversion
ratio (FCR).

NS extract
Extraction of NS seed meal was performed similar to that
reported by Yasmeen and Hassnain.24 Briefly, the overnight
percolation-assisted extraction method was used with 50%
ethanol, and then concentrated by rotoevaporation at 55 ∘C for
12 h and further dried at 50 ∘C for 18 h, and the material was then
stored in a cool dry place until used. For Study 2 the feed ration
and NS extract were mixed at the Texas A&M University Feed Mill,
College Station, TX, USA.

Amino acid analysis
The amino acid analysis of the NS extract was performed at
the Texas A&M University Protein Chemistry Laboratory, College
Station, TX, USA.

Salmonella Typhimurium challenge strain
Qualitative culture25 of rectal swabs collected from the pigs upon
arrival to the Food and Feed Safety Research Unit facilities revealed
that only 10 of the 72 pigs were culture-positive for wildtype
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Table 2. Effect of various concentrations (0, 1.5 and 4.5 g) of Nigella sativa extract kg−1 given by oral gavage to weanling pigs at 6 h and 18 h following
oral gavage with NN-resistant Salmonella Typhimurium on wildtype E. coli and Campylobacter species and the experimentally inoculated NN-resistant
Salmonella Typhimurium at 26 h following oral gavage of NN-resistant Salmonella Typhimurium (Study 1)

Nigella sativa extract

0 1.5 4.5 g kg−1 Polynomial contrasts

Bacteria (gut location) (log10 CFU g−1) Linear Quadratic SEM

Wildtype Escherichia coli
Jejunal 5.84 4.95 4.60 0.1854 0.5272 0.590
Cecal 7.58 7.50 6.98 0.2773 0.8151 0.401
Rectal 6.83 6.58 6.78 0.9989 0.6124 0.395

Wildtype Campylobacter spp.
Jejunal 2.17 2.22 2.22 0.8749 0.8692 0.162
Cecal 4.72 4.55 4.49 0.7620 0.8841 0.499
Rectal 5.23 5.01 4.96 0.7152 0.8210 0.459

NN-resistant Salmonella Typhimurium
Jejunal 1.05 1.14 1.40 0.6507 0.9776 0.531
Cecal 3.61 2.92 3.98 0.4246 0.1844 0.469
Rectal 3.08 2.84 3.37 0.7985 0.2285 0.424

Table 3. Effect of various concentrations (0, 1.5 and 4.5 g) of Nigella sativa extract kg−1 given by oral gavage to weanling pigs at 6 h and 18 h following
oral gavage with NN-resistant Salmonella Typhimurium on wildtype E. coli and Campylobacter species and the experimentally inoculated NN-resistant
Salmonella Typhimurium at 42 h following oral gavage of NN-resistant Salmonella Typhimurium (Study 1)

Nigella sativa extract

0 1.5 4.5 g kg−1 Polynomial contrasts

Bacteria (gut location) (log10 CFU g−1) Linear Quadratic SEM

Wildtype Escherichia coli
Jejunal 6.25a 5.59ab 4.44b 0.0263 0.9284 0.569
Cecal 8.17 7.65 7.18 0.0938 0.6997 0.383
Rectal 7.77 6.69 6.64 0.0936 0.1749 0.395

Wildtype Campylobacter spp.
Jejunal 2.61 2.05 2.03 0.4214 0.5223 0.436
Cecal 5.17 5.28 4.76 0.4679 0.6710 0.448
Rectal 5.01 4.94 5.02 0.9699 0.8909 0.415

NN-resistant Salmonella Typhimurium
Jejunal ND ND ND – – –
Cecal 3.29 4.07 3.53 0.9009 0.2922 0.510
Rectal 3.02 2.85 3.12 0.8388 0.7345 0.478

A general ANOVA revealed a tendency for main effect of treatment (P = 0.0770), with means followed by unlike letters (a, b) differing at P < 0.05 based
on a least significant difference multiple comparison of means. ND, not detected.

Salmonella. Accordingly, all pigs were experimentally challenged
with a S. enterica serovar Typhimurium (NVSL 95–1776) strain
to homogeneously distribute Salmonella to the experimental
populations. The challenge strain possessed natural resistance to
novobiocin at 25 𝜇g mL−1 (Sigma-Aldrich, St Louis, MO, USA) and
was previously made resistant to nalidixic acid (Sigma-Aldrich,
St Louis, MO, USA) via successive cultivations in tryptic soy broth
(TSB) (Becton, Dickinson & Co., Sparks, MD, USA) containing up to
20 𝜇g mL–1 nalidixic acid.26 A 24 h old culture of this novobiocin
and nalidixic acid (NN)-resistant Salmonella Typhimurium grown
in TSB to a concentration of 2.25 × 108 CFU mL–1 was used to chal-
lenge the weanling pigs in Study 1, and a second growth medium
with an NN-resistant Salmonella Typhimurium concentration of
2.0 × 109 CFU mL−1 was used to challenge the weanling pigs
in Study 2.

Study 1
In this study the NS extract was given via oral gavage to 26-day-old
weanling pigs at 6 and 18 h following the NN-resistant Salmonella
Typhimurium oral gavage challenge of 6 mL growth medium
for a total of 1.35 × 109 viable cells. The control group was gav-
aged with 6 mL distilled water, while the 1.5 g kg–1 NS extract
group was gavaged with 6 mL of a mixture of NS extract at
100 g kg−1 water and the 4.5 g kg–1 NS extract group received
6 mL of a mixture of NS extract at 300 g kg−1 water, which was
equivalent to 0.6 and 1.8 g dry NS extract per animal, respec-
tively. One pig per pen was euthanized and necropsied at 26 h
(n= 18) and the second pig was euthanized and necropsied at
42 h (n= 18) following the NN-resistant Salmonella Typhimurium
oral gavage challenge, and were subjected to microbiology
analyses.
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Study 2
In Study 2 the NS extract was provided in the feed to 23-day-old
weanling piglets from the first day of the study. The 1.5 and
4.5 g kg–1 NS extract treatments were mixed with the diet, and
the 0, 1.5 and 4.5 g kg–1 NS extract treatments were offered
for each meal. Animals were orally challenged with 6 mL of
the second growth medium for a total of 1.2 × 1010 viable
cells of NN-resistant Salmonella Typhimurium on the 7th day
of treatment. Pigs were euthanized and necropsied 42 h fol-
lowing the oral challenge. Feed offered over the duration of
the experiment (9 days) and not consumed was collected daily,
and dried and weighed to determine the daily dry matter feed
consumption.

Microbiological sampling
Gut samples from the jejunum, cecum and rectum were col-
lected at necropsy and serially diluted in phosphate-buffered
saline (pH 6.5) and plated on Campy Cefex Agar as prepared in
previous studies,27,28 Brilliant Green Agar (Oxoid Ltd, Basingstoke,
UK) and 3 M E. coli/coliform petrifilm (3 M Health Care, St Paul,
MN, USA) to enumerate Campylobacter, Salmonella and E. coli,
respectively. The Brilliant Green Agar was supplemented with 25
𝜇g novobiocin mL−1 and 20 𝜇g nalidixic acid mL−1 to facilitate
enumeration of the NN-resistant Salmonella Typhimurium chal-
lenge organism. Campylobacter organisms were enumerated after
48 h of microaerophilic (N2 –CO2 –O2; 85:10:5) incubation at 42 ∘C.
NN-resistant Salmonella Typhimurium and wildtype E. coli were
counted after 24 h aerobic incubation at 37 ∘C. Viable cell counts
of wildtype Campylobacter and E. coli, and NN-resistant Salmonella
Typhimurium were log transformed and expressed as concentra-
tions (log10 CFU g−1 contents).

Statistics
Bacterial concentrations determined after each necropsy in
both Studies 1 and 2 were analyzed separately by an analy-
sis of variance (ANOVA). Dry matter intake, weight gain, FCR
and bacterial concentrations were tested for treatment effects
using a general analysis of variance. Polynomial contrasts were
used to examine linear and quadratic effects of treatment level.
Where the ANOVA revealed a significant main effect of treat-
ment or a tendency to such, a least significant difference test
was used to separate treatment means. Non-significant main
effects (P > 0.10) resulting from the analysis of variance are not
presented. All procedures were completed using Statistix ver-
sion 10 (Tallahassee, FL, USA) and a ‘pen’ was considered the
experimental unit.

RESULTS
Amino acid analysis
The average amount of total protein in the NS extract was 132.9 g
kg−1. Table 1 shows the amino acid content of the NS extract
by molar composition and by weight composition. The glu-
tamine/glutamic acid amino acid composite was the greatest of
all the amino acids in the protein fraction of the NS extract, with a
weight composition of 50.24 g kg−1.

Study 1
Tables 2 and 3 present the data at 26 and 42 h following oral
gavage of NN-resistant Salmonella Typhimurium, respectively, for
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Figure 2. Daily dry diet matter intake per pig (Study 2). Values are
mean± SD from n= 6 replicated pens (2 pigs per pen and 12 pigs per treat-
ment).

all bacteria evaluated in the jejunal, cecal and rectal content of the
weaned pigs with respect to the amount of NS extract provided by
gavage: 0, 1.5 and 4.5 g kg−1 diet. Gut concentrations of wildtype
E. coli were not significantly affected by the NS extract treatment at
26 h (Table 2), but E. coli were significantly decreased in the jejunal
content with linear polynomial contrasts at P = 0.0263; whereas
a general ANOVA revealed only a tendency for a main effect of
treatment (P = 0.0770) with treatment means at P < 0.05 based
on a least significant difference multiple comparison of means
at 42 h post-oral gavage with the NS extract (Table 3). Numbers
of wildtype Campylobacter spp. and the NN-resistant Salmonella
Typhimurium challenge strain were unaffected by oral gavage
with all concentrations of the NS extract.

Study 2
Figure 2 shows the daily dry matter intake of the control group,
and of the 1.5 and 4.5 g kg–1 NS extract fed groups of weanling
pigs. There were no differences in the intake of dry matter between
the three different treatment groups (Fig. 2), with pigs consuming
33–71% of feed offered daily.

Table 4 shows the effects of feeding the NS extract on wild-
type E. coli and Campylobacter spp. and inoculated NN-resistant
Salmonella Typhimurium 42 h after challenge with NN-resistant
Salmonella Typhimurium. Numbers of wildtype Campylobacter
spp. and the NN-resistant Salmonella Typhimurium challenge
strain were unaffected by treatment with the NS extract. The NS
extract treatment demonstrated a significant decreasing (P < 0.05)
linear effect on wildtype E. coli in the jejunal content and in the
rectal content. There also was a significant quadratic effect on wild-
type E. coli in the jejunal content.

Table 5 shows the average total feed consumed per pen over
the duration of Study 2. The feed intake for the 0, 1.5 and 4.5 g
kg–1 NS extract treatment groups averaged 3.65 ± 0.19 kg per
pen. The average total gain per pen was also unaffected by
treatment. However, the average FCR revealed significant lin-
ear effects (P = 0.0493) of treatment, resulting in a 62.1% and
63.7% improved FCR (P < 0.05) for the 1.5 and 4.5 g kg–1 NS
extract treatments over the 0 NS extract control treatment,
respectively.
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Table 4. Effect of feeding various concentrations (0, 1.5 and 4.5 g) of Nigella sativa extract kg−1 diet to weanling pigs for 9 days on wildtype E. coli and
Campylobacter species and the experimentally inoculated NN-resistant Salmonella Typhimurium at 42 h after challenge with NN-resistant Salmonella
Typhimurium (Study 2)

Nigella sativa extract

0 1.5 4.5 g kg–1 Polynomial contrasts

Bacteria (gut location) (log10 CFU g−1) Linear Quadratic SEM

Wildtype Escherichia coli

Jejunal 6.05a 4.48b 4.74b 0.0237 0.0083 0.324

Cecal 6.50 5.66 5.60 0.1318 0.2423 0.364

Rectal 6.61c 5.89d 5.68d 0.0188 0.1868 0.246

Wildtype Campylobacter spp.

Jejunal 2.04 1.55 2.05 0.8009 0.2296 0.323

Cecal 4.04 3.40 3.53 0.3675 0.2527 0.324

Rectal 4.42 4.59 4.17 0.5199 0.5627 0.344

NN-resistant Salmonella Typhimurium

Jejunal 1.25 1.00 1.84 0.1238 0.2597 0.312

Cecal 2.34 2.10 2.91 0.2769 0.4254 0.428

Rectal 2.84 2.42 2.55 0.6754 0.4892 0.374

A general ANOVA revealed a main effect of treatment (P = 0.0032) with means followed by unlike letters (a, b) differing at P < 0.05 based on a least
significant difference multiple comparison of means.
A general ANOVA revealed a main effect of treatment (P = 0.0281) with means followed by unlike letters (c, d) differing at P < 0.05 based on a least
significant difference multiple comparison of means.

Table 5. Effect of feeding various concentrations (0, 1.5 and 4.5 g) of Nigella sativa extract kg−1 diet to weanling pigs for 9 days on total amount of
feed consumed, total weight and average daily gain revealing a significant effect of treatment on the feed conversion ratio (Study 2)

Nigella sativa extract Polynomial contrasts

0 1.5 4.5 g kg–1 Linear Quadratic SEM

Average total food consumed per pen (g)
3462 3835 3641 0.8284 0.5011 364.2

Average total gain per pen (g)
1840 2745 3062 0.1705 0.4852 558.0

Average daily gain per pen (g)
204 305 340 0.1720 0.4845 62.0

Average feed conversion ratio per pen (intake/gain)
3.88a 1.47b 1.41b 0.0493 0.0954 0.715

Change in feed conversion ratio from the 0 Nigella sativa extract treatment (%)
0.0 62.1% 63.7%

A general ANOVA revealed a main effect of treatment (P = 0.0441) with means within rows followed by unlike letters (a, b) differing at P < 0.05, based
on a least significant difference multiple comparison of means.

DISCUSSION
Amino acid analysis of the NS extract conducted in this study
demonstrated a reasonable amount of 50% methanol-soluble
protein, which was good since in previous investigations the
protein content of black cumin seeds from six different sources
was evaluated between 199 and 241 g kg–1 protein.29,30 Our find-
ing that the NS treatment exhibited anti-E. coli activity in treated
swine supports earlier reports demonstrating an anti-E. coli effect
of NS components when tested in vitro12 or after administration to
poultry and small ruminants.13–15 To our knowledge, our finding
that treatment of swine with the NS extract had no effect on
gut concentrations of wildtype Campylobacter spp. has not been
previously reported. Campylobacter spp. are known to be less
sensitive to free thymol than E. coli or Salmonella,28 and thus

it is reasonable to suspect that Campylobacter may likewise be
less sensitive to the thymol derivatives contained within the
NS extract. Our finding that NS treatment had no effect on the
NN-resistant Salmonella Typhimurium challenge strain is not
in agreement with the results of Kumar et al.,31 who reported
decreases in cecal Salmonella concentrations in broilers fed
ground black cumin seed. However, these researchers observed
no effect of black cumin seed on gut concentrations of E. coli,
or Lactobacillus and Clostridium spp.31 Comparisons between
these studies must be made cautiously, however, as differences
in study design and in how the NS seeds or extracts were pre-
pared and administered likely contribute greatly to the differential
findings. Mechanistically, at least one of the components of the
NS extract – thymoquinone – has been reported to inhibit ATP
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synthase activity of E. coli,16 but other potential mechanisms
cannot be excluded.

Results from this study indicate the NS extract treatment
increased FCR efficiency in the piglets, which is consistent
with earlier reports demonstrating that NS seeds and extracts
improved FCR efficiency in poultry.11,17–20 Kumar and colleagues
had reported improved nutrient metabolizability in broilers fed
ground NS seed.31 The NS extract used in the present study con-
tained amino acids – some at a relatively high concentration
(Table 1) – that would not have been available to the untreated
pigs, as no attempt was made to keep amino acid profiles similar
between treated and control pigs. Based on measured intakes
of pigs fed NS extract at 1.5–4.5 g kg–1 diet dry matter, they
would have consumed a total of approximately 0.38–1.09 g
total protein that was not available to the control pigs. In the
case of the most abundant amino acid – glutamine/glutamic
acid – this alone would have provided 0.14 and 0.41 g to each
pig fed NS extract at 1.5 and 4.5 g kg−1 diet dry matter over the
whole study period of 9 days, respectively. Since this is a rela-
tively low concentration of glutamine/glutamic acid, we did not
adjust the amino acid concentration in the diet of the untreated
control pigs to compensate for the amino acids present in the
NS extract. Whether this increased intake of glutamine/glutamic
acid by the treated pigs is a contributing factor affecting the
feed conversion in this study needs to be elucidated in further
research. Although glutamine is considered a conditionally essen-
tial amino acid, it is utilized as a significant fuel source by mucosal
leukocytes – in particular, lymphocytes – and by small intestinal
epithelial cells.32 Glutamine helps restore intestinal tight junction
integrity,33 and improves intestinal barrier function in rats34,35 and
in piglets.36,37 Glutamine is also the dominant nitrogen source
for purine synthesis, and the requirement is dependent on the
mitotic rate within the normal mucosa. In short-term rat and
pig studies, adding glutamine to nutritional intravenous solu-
tions reduced some aspects of disuse intestinal atrophy and
enhanced intestinal immune function.38 With this in mind, and
knowing that piglets are subjected to stress during the weaning
period, their requirements for glutamine may be higher and
its supplementation may be beneficial. Several animal studies
have demonstrated that enteral glutamine supplementation
enhances gut mucosal growth and repair, decreases bacterial
translocation and inflammation, and improves nitrogen balance
in animal models of intestinal atrophy, injury and adaptation.39,40

The observed difference in the studies was attributed to
differences in utilization of glutamine by enterocytes or leuko-
cytes, or to differences in the intestinal hormone-dependent
trophic response to whole proteins rather than to
elemental diets.40

CONCLUSIONS
Results from the present work extend earlier findings by demon-
strating that oral administration of an NS extract to weanling pigs
improved feed conversion by 63.7% in the 4.5 g kg–1 NS extract
treatment group over the controls during the 9-day trial and sig-
nificantly reduced levels of naturally occurring E. coli in the jeju-
nal and rectal content. The improvement in FCR efficiency in the
present study was achieved due to modest, nonsignificant effects
of feed intake in conjunction with nonsignificant body weight
gain, the latter due possibly to epithelial utilization of the glutamic
acid/glutamine content of the NS extract. These results warrant fur-
ther research to investigate the role that glutamine/glutamic acid

may play in NS supplementation and the potential of NS to control
specific enteropathogenic E. coli infections in weanling pigs and to
improve pig performance during grower and finisher phases of pig
production.
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